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Methodologies
Introduction
Conclusions
Nowadays there is a high interest of food industry to develop nutritional food products. This concept promoted the development of bio-based structures to encapsulate bioactive compounds and thus
enhance their physical and chemical stability during storage until the consumption. In this field nanotechnology can offers several advantages, not only improving water solubility but also in the increase of
bioavailability of lipophilic bioactive compounds. Omega-3 polyunsaturated fatty acids (ω-3 fatty acids) are known for their functional properties such as: improving cardiovascular health, decrease
inflammation, increase cognitive function, and influence on neurological and visual development. However, ω-3 fatty acids are highly susceptible to oxidation, have an intense odor and present low water
solubility, which makes its direct application in foods extremely difficult.1 In this work bio based nanoemulsions were developed to reduce these problems. Lactoferrin (Lf), was used as natural emulsifier for
the development of oil-in-water emulsions. Different parameters were tested (Lf concentration and storage conditions) in order to optimize the physical and chemical stability of nanoemulsions with
omega-3 encapsulated.
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o Higher Lf concentrations applied in
nanoemulsions formation are
associated with higher superficial
charge (ζ-potential) values, smaller
droplets and lower polydispersity index
(PdI) values (Fig.1).
o Nanoemulsions with Lf concentrations
between 2 and 5 % (w/w) presented
sizes around 160 nm and a higher than
+30 mV ζ-potential.
→The small sizes of the droplets in
conjunction with ζ-potentials
above +30 mV are parameters
typically associated with
emulsions stability against
aggregation 3.
o Higher Lf concentration are associated
with lower superficial tension of
nanoemulsions (Table 1).
o TEM measurements showed that
nanoemulsions droplets have spherical
shape (Fig. 2).
→ Shape more defined for
nanoemulsions with higher Lf
concentration.
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Lf concentration %
(w/w)
Superficial Tension
(mN/m)
0.2 47.8 ± 0.06
0.6 47.2 ± 0.03
1 46.0 ± 0.21
2 44.7 ± 0.23
3 45.1 ± 0.27
4 45.4 ± 0.29
5 45.8 ± 0.40
Lf concentration %
(w/w)
IC50 before storage 
(μl nanoemulsion/ml solution)
IC50 after storage at 4 ºC
(μl nanoemulsion/ml solution)
IC50 after storage at 25 ºC
(μl nanoemulsion/ml solution)
2 205.55 ± 7.24 320.86 ± 10.63 305.75 ± 4.87
3 199.70 ± 4.84 292.94 ± 7.79 343.43 ± 19.62
4 210.57 ± 1.00 170.18 ± 8.38 256.90 ± 0.92
5 187.40 ± 2.49 180.84 ± 3.78 222.77 ± 7.01
Physical properties Stability under storage
Fig. 1: Influence of Lf concentration on the size and
ζ- potential (a) and PdI (b) of ω-3 nanoemulsions. Bars
indicate standard deviation (n = 3).
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Table 1: Influence of Lf concentration on
the superficial tension of ω-3
nanoemulsions. Standard deviation (n = 5).
Fig. 2: TEM images of nanoemulsions produced with different Lf concentrations % (w/w).
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Fig. 3: Size and ζ- potential of ω-3 nanoemulsions produced with Lf
concentrations of 2, 3, 4 and 5 % (w/w) stored during 55 days at 4 ºC (a) and 25
ºC (b). Bars indicate standard deviation (n = 3).
Table 2: Antioxidant activity of ω-3 nanoemulsions produced with different Lf concentrations before and after storage at 4 ºC and 25 ºC. Data were plotted 
as a function of antioxidant concentration to obtain DPPH inhibition concentration at 50% (IC50), Standard deviation (n = 3).
o Most nanoemulsions stored at 4 ºC
did not exhibit significant variations in
size and ζ-potential values (Fig. 3 (a)).
→ Nanoemulsions produced with Lf
concentration 2 % (w/w) slightly
increased in size.
o Nanoemulsions storage at 25 ºC
suffered a size increase and a
reduction in ζ-potential over time (Fig.
3 (b)).
→ Nanoemulsions with Lf
concentrations of 2 and 3 % (w/w)
present variations of size and ζ-
potential earlier in storage (14
days) when compared to
nanoemulsions with Lf
concentrations 4 and 5 % (w/w)
(29 days).
o Similar alterations are verified with
respect to variations in PdI values at
both storage temperatures (Fig. 4 ).
o Nanoemulsions produced with Lf
concentration 2 and 3 % (w/w)
exhibited a reduction in antioxidant
activity after storage at both
temperatures (Table 2).
o Nanoemulsions produced with Lf
concentration 4 and 5 % (w/w) showed
slight variations after storage (Table 2).
→An increase after storage at 4 ºC
and a reduction after storage at
25ºC.
Nanoemulsions production Physical properties
Dynamic Light Scattering (DLS)
− Size 
measurements
− Polydispersity 
measurements
− Superficial charge 
measurements
Superficial tension measurements
− Ring method
Lf Concentration %(w/w)
− 0.2
− 0.6
− 1
− 2
− 3
− 4
− 5
High speed homogenization 2
(Ultra Turrax)
− 12000 rpm
− 2 minutes
Nanoemulsions
− pH 4
High pressure homogenization 2
(NanoDeBee)
− 20000 psi
− 5 cycles
Stability under storage 
• DLS (physical stability assessment)
− Size measurements
− Polydispersity measurements
− Superficial charge measurements
• DPPH assay (chemical stability 
assessment)
− Free radical scavenging
4 ºC25 ºC
ω-3 nanoemulsions using a food grade surfactant, lactoferrin, was successful achieved.
 Nanoemulsions with better characteristics (smaller sizes and superficial charge above
+30 mV) showed to be stable systems over time, both physical and chemically. During
storage less variations in nanoemulsions were obtained at 4 ºC of storage.
 Nanoemulsions produced with Lf concentration 4 and 5 % (w/w) presented better stability
against alterations in physical properties and loss of antioxidant capacity.
 This work provides important information that can be useful for the design of
nanoemulsions aiming the encapsulation of lipophilic compounds for pharmaceutical and
food applications.
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Fig. 4: PdI of ω-3 nanoemulsions produced with Lf concentrations of 2 (a), 3 (b), 4
(c) and 5 (d) % (w/w) stored during 55 days at 4 ºC, represented by columns, and
25 ºC, represented by lines. Bars indicate standard deviation (n = 3).
